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(54) Cryptographic data processor, communication system and recording medium 



(57) There is provided a data processor wherein a 
plain text is encrypted to a cipher text by using a encryp- 
tion key and/or a cipher text is decrypted to a plain text 
by using a decryption key, which device is constructed 
of a plurality of key conversion functions fk sequentially 
connected, which each are an involution type, and which 
conduct key conversion processing and output extend- 
ed keys based on the key for encryption or decryption, 
or key conversion results, a key conversion sectipn (2) 
in which the key conversion results are sequentially 



transit erred between the key conversion functions in the 
order or the reverse order, a plurality of round functions 
fr sequentially connected, which are an involution type, 
and which conducts encryption and/or decryption by us- 
ing extended keys, and a data randomize section (1 ) in 
which processing results in the round functions fr are 
sequentially transferred between the round functions fr 
in the order or the reverse order. With the device, the 
scale of a secret key encryption device can be small, 
security can be increased and further, key management 
can be conducted with ease. 
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Description 

[0001] This invention relates to a data processor, a 
communication system and a recording medium. 
[0002] Encryption in data transmission is generally 
performed due to recent progresses in computers and 
a communication technology. There have been availa- 
ble a public key cryptosystem and a secret key crypto- 
system and the DES encryption system is widely ac- 
cepted as the secret key cryptosystem. 
[0003] FIGS. 1A to 1C are block diagrams for illustrat- 
ing the DES encryption system. 
[0004] In encryption under the DES system, data 
which are created by applying initial transposition IP to 
a plain text is further subjected to processing through 
round functions 16 limes. Subsequently, the data which 
have been subjected to the round function processing 
receives inverse transposition IP* 1 which is inversion of 
the initial transposition, thereby producing a cipher text. 
Herein, the processing I h rough round functions are ex- 
ecuted by providing the round functions with extended 
keys generated from an original key. 
[0005] That is, an encryption device adopted in the 
DES system is mainly constructed of a data randomize 
section in which data as an object to be encrypted 
through numerous round functions are randomized and 
a key conversion section which provides the round func- 
tions of the data randomize section with extended keys. 
[0006] On the other hand, decryption in the DES sys- 
tem is achieved in such a manner that data as an object 
to be decrypted are subjected to processing through 
round functions in the order reverse in the encryption as 
shown in FIG. 1B. Therefore, extended keys supplied 
from the key conversion section are generated in the 
reverse order in which the keys are used in the encryp- 
tion starting with a key used in the last round function in 
the encryption. 

[0007] A first advantage of the DES system is that a 
considerable part of encryption circuitry is commonly 
adopted in decryption. That is, round functions for en- 
cryption and decryption used in the data randomize sec- 
tion are the same between both processing only with the 
exception that the order ol use of the functions are re- 
versed as shown in FIGS. 1 A and IB. 
[0008] A second advantage o1 the DES system is that 
only one key is always an object of management since 
the same secret key is used in both ways of encryption 
and decryption. In the DES system, the following 
processing is performed in the key conversion section 
so that extended keys can be generated in the reverse 
order using the only one key. 

[0009] That is, in a case of the encryption, the secret 
key receives a left rotate shift to generate extended 
keys. At this point, the extended keys can be generated 
in the reverse order by designating the sum of shifts to 
a given value. That is, in the decryption, the secret key 
is only required to be subjected to a right rotate shift to 
generate the extended keys. Thereby, the last extended 



key in the encryption and the first extended key in the 
decryption are the same. 

[0010] However, in the DES system described above 
has a problem as follows: 
$ [0011] Processing in the key conversion section, first, 
includes a left rotate shift in encryption and a right rotate 
shift in decryption, which are different in terms of 
processing, and therefore, the same circuitry cannot be 
shared in function between encryption and decryption 

10 devices in the key conversion section. That is. when an 
encryption/decryption device for encrypting and de- 
crypting data is constructed as an actual device, part of 
the circuitry which is commonly used in both of encryp- 
tion and decryption is not necessarily much enough. 

'5 Hence, the overall scale of the encryption/decryption 
device cannot be constructed to be sufficiently small. 
[0012] Then, since in the DES system, processing in 
the key conversion section is performed only through 
transposition, a security problem arises from the fact 

^0 that there is an encryption key with a weak security, 
which is generally called a weak key. In addition, since 
the processing in the key conversion section is not non- 
linear, contribution of the processing to the cryptograph- 
ic robustness of an extended key thus generated cannot 

25 be so large. Non-linear part of the DES system is limited 
to part called as an S-box in a function f in a round func- 
tion shown in FIG. 1C. 

[001 3] Accordingly, there has been desired a crypto- 
system in which extended keys generated from the key 
30 conversion section sufficiently contribute to crypto- 
graphic robustness. 

[0014] On the other hand, in order to eliminate a weak 
point of the key conversion section such as a weak key 
associated with the DES system, oneway function such 
35 as a hash function has been employed in the key con- 
version section as trial. For example, FEAL calculates 
extended keys which the data randomize section re- 
quires in a case where oneway function is used for the 
conversion. 

to [0015] While the FEAL is more secure in that no weak 
keys are not present in the system, extended keys can- 
not be generated in the reverse order as in the DES sys- 
tem since oneway function is adopted in the key con- 
version section. Therefore, in order to enable decryption 

45 in the FEAL, all kinds of extended keys which can be 
achieved from a secret key are once generated in the 
key conversion section same as used tor encryption to 
store them in a buffer. Then, the extended keys already 
stored in the buffer is retrieved in the order reverse to 

50 the order of generation and decryption is thus complet- 
ed. 

[0016] In such a way, however, another problem aris- 
es since storage of the extended keys requires an in- 
crease in the cost, that is, an increase in memory re- 
55 quirement. Besides, thus generated extended keys not 
only increases a memory requirement, but requires an 
additional management cost of numerous keys, though 
temporarily. Furthermore, due to a time period required 
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for key extended conducted in advance in decryption, a 
lime required lor decryption is problematically long. 
[0017] In conventional techniques, as described 
above, if extended keys are generated in the reverse 
order, the scale ol a secret key encryption device cannot 
sufficiently be compact and in addition security is dete- 
riorated. On the other hand, if security is desired to be 
increased, extended keys cannot be generated in the 
reversed order and thereby not only is a memory re- 
source is largely required, but there arises a necessity 
for management of numerous keys and a processing 
lime period is extended, which has led to a problem. 
[0018] The present invention has been made in light 
of such circumstances and accordingly it is an object of 
the present invention to provide a data processor, a 
communication system and a recording medium where- 
by the scale ot a secrete key encryption device can be 
small, security of a key is increased and further, key 
management can be made easy. 
[001 9] The essence of the present invention is not on- 
ly to employ an involution function in which conversion 
and inverse conversion are same for generation of an 
extended key, but also to enable generation of an ex- 
tended key in a reverse order by using the involution 
function in a reverse order based on a decryption key in 
decryption which key is a result of processing a encryp- 
tion key in a key conversion section. 
[0020] According to the present invention, since there 
is no limitation on a function to be employed in the key 
conversion section with the exception that an original 
key is converted by using an involution function and fur- 
ther it is not necessary for an encryption key and a de- 
cryption key to be same, there is only very little limitation 
imposed on functions which can be employed in the key 
conversion section. Hence, it is possible that functions 
by which extended keys with high security are generat- 
ed are selected and the key conversion section can be 
constructed of such functions. Besides, since an ex- 
tended key can be generated from a decryption key in 
a reverse order, the same key conversion section can 
be employed in encryption and decryption, which entails 
a smaller scale of a device circuit. 
[0021] Further, by employing an asymmetric key in a 
secrete key cryptosystem through a crucial change, the 
present inventors have reached the present invention. 
[0022] Encryption algorithms can classify encryption 
into two kinds; symmetric key encryption and asymmet- 
ric key encryption according to whether or not the same 
key is employed for encryption and decryption. Further, 
the algorithms can classify encryption into two kinds: se- 
cret key encryption and public key encryption according 
to whether or not an encryption key is made public and 
a sender can prepare a cipher text using a public key. 
[0023] Of combinations of such classifications, only 
two combinations, that is, of a symmetric, secret key 
cryptosystem and an asymmetric, public key cryptosys- 
tem, have conventionally been known. A symmetric, 
public key cryptosystem is impractical in terms of prin- 



ciple but an asymmetric, secret key cryptosystem is pos- 
sible in thought. However, in the case of an asymmetric, 
secret key cryptosystem, since there arises a necessity 
to manage a plurality of secret keys for one processing 
s of encryption/decryption, a disadvantage from a man- 
. agement cost and the like cannot be avoidable. Further, 
in the case, another problem occurs about how to realize 
asymmetric secret keys. Accordingly, such a cryptosys- 
tem has had no chance to be employed in a convention- 
fo al technology. 

[0024] On the other hand, in the present invention, 
there is provided a cryptosystem in which only if one se- 
cret key (an encryption key or a decryption key), though 
asymmetric, Is on hand, encryption and decryption are 
enabled in both ways, and thereby, a problematic man- 
agement of a plurality of secret keys is avoided and a 
practically useful asymmetric, secret key cryptosystem 
is realized. This Is because, in the cryptosystem, a ci- 
pher text encrypted by an encryption key can be de- 
crypted by a decryption key, while a cipher text encrypt- 
ed by a decryption key can be decrypted by an encryp- 
tion key. 

[0025] That is, in a case where one party has only an 
encryption key, while the other party has only a decryp- 
tion key output by converting the encryption key in a key 
convereion section, encryption and decryption go this 
way: first, a cipher text prepared from a plain text by one 
party with an encryption key can be restored to the plain 
text by processing in a reverse order with a decryption 
key on the other party side. Then while a cipher text pre- 
pared from a plain text by the other party with the de- 
cryption key can be restored to the plain text by process- 
ing in a reverse order with the encryption key on the one 
party side. 

[0026] Then, means of the present invention for real- 
izing the object will be described in detail. 
[0027] According to a first aspect of the present inven- 
tion, there is provided a data processor in which at least 
one of encryption of a plain text to a cipher text by using 
an encryption key and decryption of a cipher text to a 
plain text by using a decryption key is performed, com- 
prising: 

a key converting section in which a plurality of key 
conversion functions, which are an involution func- 
tion, and which conduct key conversions to output 
extended keys based on one of the encryption key 
and the decryption key and results of key conver- 
sion of one of the encryption key the decryption key 
are sequentially connected and results of the key 
conversion are in an order or in another order re- 
verse to the order transferred between the key con- 
version functions; and 

a data randomize section in which at least one 
processing of encryption of the plain text to the ci- 
pher text and decryption of the cipher text to the 
plain text is performed by using the extended keys 
output from the key conversion section. 
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[0028J Further according to a second aspect of the 
present invention, there is provided a data processor of 
the first aspect. 

wherein the data randomize section includes a 
plurality of round functions which are involution func- 
tions and which perform at least one of encryption and 
decryption by using the extended keys, the plurality of 
round functions are sequentially connected, and results 
of the processing by the round functions are transferred 
in an order or in another order reverse to the order trans- 
ferred between the plurality of round functions. 
[0029] The data processor serves as main circuitry 
which can be used not only in an encryption device but 
in a decryption device. That is, when a key and data are 
sequentially processed, data encryption can be real- 
ized, while when a key and data are subjected to 
processing in the reversed order, data decryption can 
be achieved. The reason why such processing are pos- 
sible is that the key conversion function and the round 
function are both of an involution type. 
[0030] Therefore, when the present invention is uti- 
lized in an encryption/decryption device, the device 
scale of the kind can be smalt and compact. 
[0031] Further, according to a third aspect of the 
present invention, there is provided a data processor of 
the first aspect, 

wherein the key conversion functions not only take 
first keys and results of conversion of the first keys as 
objects to be processed in the key conversion, but also 
perform the key conversion by using a second key. 
[0032] According to the present invention, processing 
in the key conversion section is similar to that of the data 
randomize section and extended keys which have, a 
very low probability to be a weak key or the like can be 
output. Therefore, robustness of a cryptosystem can be 
increased. 

[0033] Further, according to a fourth aspect of the 
present invention, there is provided a data processor of 
the third aspect, 

wherein the second key is included in at least one 
of the encryption key and the decryption key. 
[0034] Further, according to a fifth aspect of the 
present invention, there is provided a data processor of 
the fourth aspect, 

wherein the second key has different types of 
keys, at least one of the encryption key and the decryp- 
tion key includes the different types of keys and at least 
one of the encryption key and the decryption key is var- 
iable in length. 

[0035] Further, according to a sixth aspect of the 
present invention, there is provided a data processor of 
the second aspect, 

wherein the key conversion functions include 
round functions same as that of the data randomize sec- 
tion. 

[0036] Further, according to the a seventh aspect of 
the present invention, there is provided a communica- 
tion system comprising: 



one communication device which includes a data 
processor according to claim 1 and holds one key 
which serves as the encryption key and the decryp- 
tion key; and 

5 anoth er device which includes a data processor ac- 
cording to claim 1 and holds other key which serves 
as the encryption key and the decryption key, and 
whichis a result of key conversion of the one key in 
the key conversion seclion of the anolher device. 

70 

[0037] According to the present invention, the com- 
munication systems can perform any of an encryption 
and decryption with one key held by each. Incidentally, 
herein, secret keys of the respective communication 
is systems are not necessarily same as one another. That 
is, the communication is of an asymmetric, secret key 
cryptosystem. 

[0038] This summary of the Invention does not nec- 
essarily describe all necessary features so that the in- 
z° vention may also be a sub-combination of these de- 
scribed features. 

[0039] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIGS. 1A, 1B and 1C are block diagrams for illus- 
trating the DES system; 

FIG. 2 is a block diagram showing an example of a 
main part of a configuration of a data processor and 

30 an encryption algorithm according to a first embod- 
iment of the present invention; 
FIG. 3 is a block diagram showing an example of a 
main part of a configuration of a data processor and 
a decryption algorithm according to the first embod- 

55 iment; 

FIG. 4 is a block diagram showing an example of a 
configuration of a key conversion section in a data 
processor according to a second embodiment of the 
present invention; 

<o FIG. 5 is a block diagram showing an example of a 
configuration of a key conversion section in a data 
processor according to a third embodiment of the 
present invention; 

FIG. 6 is a block diagram showing an example of a 
45 configuration ol a key conversion section in a data 
processor according to a fourth embodiment of the 
present invention; 

FIG. 7 is a block diagram showing an example of a 
main pan of a communication system according to 
& 9 a fifth embodiment of the present invention; and 

FIG. 8 is a representation illustrating operations in 
communication in the fifth embodiment. 

[0040] Below, embodiments of the present invention 
ss will be described. 
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(First embodiment of the present invention) 

[0041 ] FIG. 2 is a block diagram showing an example 
of a main part of a configuration of a data processor and 
an encryption algorithm according to a first embodiment s 
of the present invention. 

[0042] The data processor is constructed as an en- 
cryption/decryption section of a computer such as a per- 
sonal computer and a work station and hereinafter, 
when the term "data processor 11 is used, the term means 
an encryption/decryption device in which encryption and 
decryption are conducted. 

[0043] The encryption/decryption device is mainly 
constructed of a data randomize section 1 and a key 
conversion section 2. These sections 1 and 2 are com- 
monly used' lor both of encryption and decryption. Fur- 
ther, lunctions such as transposition, though not shown, 
may be provided before and after the data randomize 
sections 1 and key conversion section 2. 
[0044] The data randomize section 1 outputs a cipher 
text 4 by encrypting a plain text through n rounds of 
processing from round R1 to round Rn and a plain text 
3 by decrypting a cipher text 4 through rounds Rn to R1 . 
In the data randomize section 1, round functions frl to 
frn (hereinafter also simply referred to as a round func- 
tion fr) are provided corresponding to the rounds R1 to 
Rn. 

[0045] A round function fr outputs an intermediary en- 
cryption result 7 or an cipher text 4 by inputting a plain 
test 3 or an intermediary encryption result 7 and an ex- 
tended key K from the key conversion section 2. The 
round functions frl to frn are similar to the round func- 
tions, for example, in the DES system and cascaded in 
the order. 

[0046] On the other hand, in the key conversion sec- 
tion 2, key conversion functions fk1 to fkn (hereinafter 
also simply referred to as a key conversion function fk) 
are provided corresponding to rounds R1 to Rn. A key 
conversion function fk outputs an intermediary key con- 
version result B or a decryption key 6 and an extended 
key K by inputting an encryption key 5 or an intermediary 
key conversion result 8. That is, the key conversion 
functions fkl to fkn gives the extended keys K1 to Kn to 
the round functions frl to frn. 

[0047] The key conversion functions fkl to fkn are cas- 
caded in the order. Therefore, the encryption key 5 input 
from the first round R1 side of the key conversion section 
2 is output as the decryption key 6 from the last round 
Rn side. If the decryption key 6 and the cipher text 4 are 
input from the last round Rn side, the encryption key 5 
and the plain text 3 are output from the first round 1 side, 
which is shown in FIG. 3. 

[0048] FIG. 3 is a block diagram showing an example 
of a main part of a configuration of the data processor 
and a decryption algorithm according to the embodi- 
ment. 

[0049] In the means time, in the present specification, 
a key used for encryption of the first plain text 3 is called 



as an encryption key 5 and a key output as a result of 
the first encryption is called as a decryption key 6. In the 
present invention, a key input from the fist round R1 side 
functions as a key for encrypting a plain text while a key 
input from the last round Rn side functions as a key tor 
decrypting a cipher text, regardless of the terms encryp- 
tion key 5 or decryption key 6. 
[0050] Accordingly, for example, if the decryption key 
6 is input from the first round R1 side, the decryption key 
6 lunctions as a key for encrypting a plain text, while if 
the encryption key 5 is input from the last round Rn side, 
the encryption key 5 functions as a key for decrypting a 
cipher text. In the mean time, the encryption key 5 and 
the decryption key 6 are present as a pair and in the 
above described case, the encryption key 5 and decryp- 
tion key 6 are respectively output from the last round Rn 
side and first round R1 side. Therefore, the decryption 
can be conducted only by encryption key and decryption 
key which constitute a pair. In the following description, 
for convenience, keys are also referred simply to as fol- 
lows: a key input from Ihe first round R1 side is referred 
to as encryption key 5, while a key input from the last 
round Rn side is referred to as a decryption key. 
[0051] The reason why the encryption key 5 and de- 
cryption key 6 are associated with each other in such a 
manner is a nature of a key conversion function fk pro- 
vided in the key conversion section 2, which contents 
will be disclosed below: 

[0052] That is, a key conversion function fk is con- 
structed of involution functions. An involution function is 
a kind of bi-directional function and the conversion and 
the reverse conversion of the function are the same. 
Since the conversion and the reverse conversion are the 
same in each key conversion function fk, a relationship 
of the encryption key 5 and decryption key 6, which is 
described above, is realized. In the mean time, the bi- 
directional function is a function used for conversion be- 
tween mappings each of which is surjective and injec- 
tive. 

[0053] Since an involution function allows common 
use of circuitry between an encryption conversion and 
a decryption conversion, the function is often used in an 
encryption algorithm. The present invention is charac- 
terized by that not only a round function fr, but a key 
conversion function fk are of an involution type. 
[0054] Further, while there are available various kinds 
of involution functions, a function used as a key conver- 
sion function fk is desired to be high in randomize like 
no-linear functions f (R, K) within a round function of the 
DES system. 

[0055] Operations of the data processor in Ihe em- 
bodiment which is configured as described above will 
be described. 

[0056] In encryption, the input encryption key 5 is con- 
verted, by key conversion lunctions fk to extended keys 
K and intermediary key conversion results 9 and finally 
to the decryption key 6. 

[0057] In this situation, the plain text 3 is converted 
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one by one in the round functions, by a round functions 
using extended keys K outputs of the key conversion 
sections 2, to generate intermediary encryption results 
7 and the cipher text 4. 

[0058] On the other hand, in decryption, decryption is 
successively performed in the dala randomize section 
1 into which the cipher text 4 is input, in the order reverse 
to in the encryption, and the intermediary decryption re- 
sults 9 are sequentially output to finally output the plain 
text 3 as shown FIG. 3. Further, in the key conversion 
section 2 as welt, the decryption key 6 is also input, key 
conversion is successively performed in the order re- 
verse to in the encryption to output the encryption key 
5. That is, referring to FIG. 2, the input/output in the flow 
of the encryption is reversed. FIG. 3 shows the flow 
whose directions is reverse to those of FIG. 2 and the 
data randomize section 1 and key conversion section 2 
respectively employ the same circuitries as those of 
FIG. 2. 

[0059] As described above, the data processor ac- 
cording to the embodiment of- the present invention is 
provided with Ihe key conversion section 2 in which key 
conversion functions fk which are a bijective mapping 
are cascaded, the extended keys K are output based on 
the input keys and further, is provided with the data ran- 
domize section 1 in which the round lunctions f r are cas- 
caded, so that a plain text or a cipher text and the ex- 
tended keys K are input and thereby a cipher text or a 
plain text is output. Hence, encryption and decryption 
are realized in which an encryption key and a decryption 
key which are not necessarily the same as each other 
are employed and thereby, the data randomize section 
1 and key conversion section 2, whose circuitry is the 
same as each other, can be used as circuitry for encryp- 
tion and decryption. 

[0060] Accord in gty, since main parts of the encryption 
device and the decryption device can perfectly be the 
same, the scale of a composite device can be compact. 
[0061] In the mean time, although in a conventional 
secret key encryption algorithm, an encryption key and 
a decryption key are same as each other and an output 
result of a key conversion section is not a decryption key 
which is different from an encryption key, the encryption 
key and the decryption key are probably the same as 
each other. 

[0062] Further, for example, it a non-linear function 
which has a high ability 10 randomize non-linear data 
bits is employed, robustness of the cryptosyslem can 
be increased and thereby a cryptosystem with a higher 
security can be achieved since various kinds of func- 
tions can be selected, as far as a key conversion func- 
tion fk is of an involution type. 

(Second embodiment of the present invention) 

[0063] The present embodiment shows a concrete 
configuration example of a key conversion section and 
a key used therein in the first embodiment. 



[0064] FIG. 4 is a block diagram showing an example 
of a configuration of the key conversion section in the 
data processor according to a second embodiment of 
the present invention. The same constituents as those 
5 of FIG. 2 or 3 are indicated by the same reference marks 
and descriptions thereof are not given, while only con- 
stituents which are different from those are described. 
[0065] In the data processor, any one of parameters 
P1 , P2 and P3 are input to key conversion function f k in 
J0 a key conversion section 2 and thereby, extended keys 
K are generated by using the one of the parameters, 
The other part of Ihe configuration is constructed similar 
to that of the first embodiment. 
[0066] In the embodiment, keys 5 and 6 have a vari- 
es able length and constructed of data portions 11 and 1 3, 
and parameter portions 13 and 14. 
[0067] The data portion 11 of the encryption key 5 is 
composed of an object data D to be converted and the 
parameter portion 1 2 Is composed of conversion param- 
eters P1 , P2 and P3. That is t if a data portion and a pa- 
rameter portion are respectively considered as keys, the 
keys 5 and 6 may be constructed of two keys. Further 
since a plurality of parameters can be stored in a pa- 
rameter portion, the keys 5 and 6 may be constructed 
of more than two keys. 

[0068] On the other hand, a data portion 1 3 of the de- 
cryption key 6 comprises data D' which have been con- 
verted and a parameter portion 12 is composed of con- 
version parameter PV, P2' and P3'. 
[0069] In the mean time, in FIG. 4, while the dala D 
and the parameters P 1 , p2 and P3 are drawn separately 
and sequentially for better understanding; the bit order 
may be interchanged therebetween. This key realizes a 
key with variable length by having a plurality of conver- 
sion parameters in the parameter portion 11. The 
number of parameters is nol limited to 3 shown in the 
figure, but may be a number more than 3. 
[0070] The data D of the encryption key 5 or an inter- 
mediary key conversion result 8 and any one of the pa- 
rameters P1, P2 or P3 are input to a key -conversion 
function f k and an intermediary key conversion result 8 
or the data D' of the decryption key 6 and a extended 
key K are output. That is, the key conversion section 2 
and the key conversion functions fk can be input with 
two keys including the data D (or an intermediary key 
conversion result 8) and the parameter P. 
[0071] Then, description will be given to operations of 
the data processor in the embodiment which is config- 
ured as described above. 

[0072] Overall procedures of encryption and decryp- 
tion by extended keys are similar to those of the first 
embodiment. 

[0073] Processing in the key conversion section 2 will 
be as follows: 

The input data D of the encryption key 5 is con- 
verted one by one while outputting extended keys K for 
the rounds R by processing in the key conversion func- 
tions fk to which one of the conversion parameters P1 , 
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P2 and P3 is input. The data D is finally output as the 
data O' of the decryption key 6 after being converted to 
through round conversion. 

[0074] The plurality of conversion parameters are se- 
quentially applied for each round. When the number of 
the rounds is larger than the number of the conversion 
parameters, the conversion parameters are repeatedly 
applied. While the repeated application is cyclically ef- 
fected in the embodiment, another rule for the applica- 
tion may be enforced. 

[0075] In a parameter portion 14 of the decryption key 
6, the parameters of the encryption key 5 are placed as 
they are or they are placed alter being subjected to a 
prescribed processing. 

[0076] Since, as described above, in the data proces- 
sor according to the second embodiment of the present 
invention, the data D and D* which is key bodies and the 
parameters P and P l as so-called second keys, so to 
speak, are included in the encryption key 5 and the de- 
cryption key 6, in addition to that data processor has the 
same configuration as that of the first embodiment and 
the data D (or an intermediary key conversion result 8) 
and two kinds of keys of parameters P are input to the 
key conversion functions, effects similar to those of the 
first embodiment can be achieved, in addition, extended 
keys which cannot be deciphered can be generated and 
thereby security of a crypstosystm can be increased. 
[0077] In the data processor of the embodiment, since 
a length of a key is variable, for example, by changing 
the number of parameters, security of the cryptosystem 
can further be improved. 

(Third embodiment of the present invention) 

[0078] The embodiment shows a concrete configura- 
tion example of the key conversion section in the second 
embodiment. 

[0079] FIG. 5 is a block diagram showing an example 
of a configuration of the key conversion section in the 
data processor according to a third embodiment of the 
present invention. The same constituents as those of 
FIGS. 2 to 4 are indicated by the same references and 
descriptions thereof will not be given while those of dif- 
ferent constituents will only be made herein. 
[0080] The data processor is constructed similar to 
the second embodiment with the exception that key con- 
version functions f k are provided with a configuration de- 
scribed below: 

[0081] The encryption key 5 includes an object data 
D to be converted and a conversion parameter P similar 
to the second embodiment 

[0082] A key conversion function fk comprises a con- 
version function 21 which outputs an extended key K by 
converting the input data D or an intermediary key con- 
version result 8, and a round function 22 which is an 
involution function, and which has a high randndomize 
ability to data bits. 

[0083] The round function 22 is the same round func- 



tion as that of the data randomize section 1 . The data D 
or an intermediary key conversion result 8 and a con- 
version parameter P are input to the round function 22, 
the data and the like receive data conversion and an 

5 intermediary key conversion result 8 or the final convert- 
ed data D 1 is outputted. Herein, an input of an extended 
key K to a round function fk of the data randomize sec- 
tion 1 corresponds to an input of the parameter P. 
[0084] An output result 6 of the round function 22 is 

io an input of a key conversion function fk of the next round 
and the extended key K is obtained by processing data 
input to the round function 22 in the preceding round in 
the conversion function 21 . 

[0085] In the conversion function 21 , processing such 
is as rea rrangement of bits are performed. Incidentally, the 
conversion function 21 can be omitted. 
[0086] At this point, it should advantageously be not- 
ed that an extended key K is not prepared based on a 
signal on the output side of a round function 22. At least, 
in the embodiment, an extended key K is necessarily 
prepared based on a signal on the input side of a round 
function 22. 

[0087] The reason why is that while an output of the 
first stage of the key conversion function 21 depends on 
the data D and the parameter R it is mathematically 
proved that there are existent the other set of data other 
than the set of the data D and the parameter P when 
output of the round function 22 is used. The fact gives 
a wrong influence on the security of an encryption algo- 
rithm. That Is, when a signal on the input side is used, 
the security of a cryptosystem is reduced due to ease 
in search for a key since a first set of the data D and 
parameter P of a key can be selected from the other 
values than one correct set of the data and parameter. 
[0088] Then, descriptions will be given of operations 
of the data processor of the embodiment constructed as 
described above. 

[0089] First, an input data to the key conversion func- 
tion fk is processed in the conversion function 21 to out- 
put an extended key. On the other hand, the input data 
is randomized by the round function 22 and the resulted 
dala is output to the next key conversion function fk. 
[0090] The data processor of the embodiment oper- 
ates similar to the second embodiment with the excep- 
tion of the above described processing in a key conver- 
sion function. 

[0091] As described above, since in the data proces- 
sor of the embodiment of the present invention, the 
same round function 22 as that of the data randomize 
section 1 is used as the key conversion fk, in addition to 
a configuration similar to that of the second embodi- 
ment, not only can effects similar to the above described 
embodiment be obtained, but also the security can be 
increased enhancing the data randomize. 
[0092] Since in the key conversion function fk, the ex- 
tended key K is generated based on the data on the in- 
put side of the round function 22, there arises no chance 
to generate another key same as the extended key K 
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and thereby, a cryptosystem with a high degree of the 
robustness can be realized. 

[0093] In the mean time, the round function 22 can be 
omitted in the key conversion function tk in the last 
round. This is because in the embodiment, the extended 
key K is generated based on data before inputting to the 
round function 22. In this case, since the decryption key 
which is an output of the last stage is output without ap- 
plication of the round function, there arises an advan- 
tage to save a computation time period. 

(Fourth embodiment of the present invention) 

[0094] The embodiment shows another configuration 
of the key conversion section of the first embodiment. 
[0095] FIG. 6 is a block diagram showing an example 
of a configuration of the key conversion function in the 
data processor according to the fourth embodiment of 
the present invention. The same constituents as those 
of FIGS. 2 to 4 are indicated by the same reference 
marks. Descriptions thereof are not given, but only the 
other constituents will be described. 
[0096] The data processor is constructed similar to 
the first embodiment with the exception that that key 
conversion functions fk are provided with a configuration 
described below: 

[0097] The key conversion function fk is constructed 
of a conversion function 31 which outputs an extended 
key K by converting the encryption key 5 or an input data 
which is an intermediary key conversion result 8. and a 
key conversion part which outputs an intermediary key 
conversion result 8 or the decryption key 6 by converting 
the input data. The key conversion part is in turn con- 
structed of a selection circuit 6, a plurality of conversion 
functions 33 (#1 , #2 #n); and an OR gate 34. 
[0098] The selection circuit 32 selects the conversion 
function 33 which converts input data based on a selec- 
tion signal and transfers the input data to the selected 
conversion function. 

[0099] The conversion function 33 is an involution 
function and randomizes the input data. The conversion 
function 33 with a high ability to randomize data bits as 
used in a round function of the data randomize section 
1 is adopted. 

[0100] The OR gate 34 outputs data after the conver- 
sion, which has been output Irorn the conversion func- 
tion 33 to the outside. 

[0101] Then, description will be given ol operations of 
the data processor in the embodiment which is con- 
structed as described above. 

[01 02] Data input to the key conversion function fk is 
converted by the conversion function 31 and output as 
the extended key K. On the other hand, the input data 
is input to any one of the plurality of conversion functions 
33 based on a selection signal given to the selection cir- 
cuit 32. 

[01 03] Then, the input data is converted by the select- 
ed conversion function 33. The data which has been 



converted by the conversion function 33 is output after 
the converted data is compiled as one signal by the OR 
gate 34. The output data is input to Ihe key conversion 
function fkat the next round or output as the decryption 
5 key. 

[0104] The data processor of the embodiment oper- 
ates in a similar manner to of the first embodiment with 
the exception of the above described processing within 
the key conversion functions. 

io [0105] As described above, since in the data proces- 
sor according to the embodiment of the present inven- 
tion, a plurality of conversion functions 33 are respec- 
tively equipped to the key conversion functions fk and 
an encryption key is converted by selecting any one of 

*5 the plurality of conversion functions, in addition to a con- 
figuration similar to the first embodiment, not only is ef- 
fects similar to the first embodiment obtainable, but a 
result of a key conversion is hard to be predicled, which 
entails a high degree of security of a cryptosystem. 

20 

(Fifth embodiment of the present invention) 

[0106] In the embodiment, descrption will be given of 
a communication system which uses the data processor 

25 of any one of the first to fourth embodiments. 

[0107] FIG. 7 is a block diagram showing an example 
of a main part of a configuration of the communication 
system according to a fifth embodiment of the present 
invention. The same constituents as those of the second 

30 to sixth embodiments are indicated by the same refer- 
ence marks. 

[0108] The communication system comprises a com- 
munication system 41 A which a communication party 
A uses, a communication system 41 B which a commu- 

35 nication party B uses, and a communication channel 40 
such as internet and a LAN, wherein the communication 
systems A and B are connected. 
[0109] The communication system 41 A is a computer 
system equipped with data communication mean and 

40 comprises an encryption/decryption device 42, an en- 
cryption key file 43, and storage means (not shown) for 
storing a plain text file 44 and a cipher text file 45, a key 
transmission/recepiion processor 46 and a communica- 
tion processor 47. 

<s [0110] On the other hand, the communication appa- 
ratus 41 B comprises a decryption key file 48 instead of 
the encryption key file 43 of the communication system 
41 A and the other constituents same as those of the 
communication system 41 A. 

so [0111] That is, in the communication system 41 A, only 
the encryption keys 5 are stored in the encryption key 
file 43 as a key for encrypting a plain text and a key for 
decrypting a cipher text, and in the communication sys- 
tem 41 B, only the decryption key 6 is stored in the de- 

55 cryption key file 48 as a key for encrypting a plain text 
and a key for decrypting a cipher text. 
[0112] The encryption/decryption device 42 is provid- 
ed with the data randomize section 1 and the key con- 
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version seclion 2 as a common part lor encryption and 
decryption in any one of the first to fourth embodiments, 
and in addition, with various circuits for processing be- 
fore and after encryption and decryption, selection of en- 
cryption or decryption, processing control and the like. 
In FIG. 7, in the encryption processing, a key and a plain 
text are input to the encryption/decryption device 42 
from the let side and in the decryption processing, a key 
and a cipher text are input from the right side. 
[0113] In the mean time, the encryption and decryp- 
tion keys 5 and 6 which the communication systems 41 A 
* and 41 B hold respectively constitute a pair and a de- 
cryption key 6 is obtained by converting an encryption 
key 5 in the key conversion section 2, while the encryp- 
tion key 5 is obtained by converting the decryption key 
6 in the key conversion section 2 in the reverse order of 
a conversion procedure of the former case. 
[0114] The key transmission/reception processor 46 
is means for transferring a key in a secured manner 
when the key is transferred or received between the 
communication systems 41 A and 41 B. 
[01 1 5] Then, description will be made of operations of 
the communication system in the embodiment config- 
ured as described above. 

[0116] It is necessary for the communication parties 
A and B to share a key for mutual encryption communi- 
cation as a precondition. For this reason, for example, 
one of decryption keys 6 generated when a cipher text 
is prepared by the communication system 41 A is trans- 
ferred to the communication system 41 B side through 
the key transmission/reception processor 46. The trans- 
ferred decryption key 6 is stored in the decryption key 
file 48. 

[0117] FIG. 8 is a representation illustrating opera- 
tions in communication in the fifth embodiment. 
[0118] Description will be given of a procedure in en- 
cryption communication from the communication party 
A to the communication party B by using FIGS. 7 and 8. 
[0119] First, the communication party A encrypts a 
plain lext 51 for which application of encryption commu- 
nication is desired by using a encryption key 5 which the 
communication party A owns. At this point, in the com- 
munication system 41 A shown in FIG, 7, the plain text 
51 and the encryption key 5 are input from the left side 
of the encryption/decryption device 42 and conversion- 
sequentially proceeds from the first round Rl. The en- 
crypted cipher text 52 is transmitted to the communica- 
tion party B through the communication processor 47 
and the commun cation channel 40. 
[0120] The communication party B who has received 
the cipher text 52 retrieves a plain text 53 by decrypting 
the cipher text 51 by using the decryption key 6 which 
the communication party B owns. In the decryption, the 
decryption key 6 and the cipher text 52 are input from 
the left side of the encryption/decryption device 42 in 
the communication system 41 B and conversion is con- 
ducted Irom the last round Rn in the order reverse to 
that in the encryption. 



[0121] Then, description will be given of a procedure 
in encryption communication from the communication 
party B to the communication party A. 
[0122] First, the communication party B encrypts a 
5 plain text 54 for which application of encryption commu- 
nication is desired by using the decryption key 6 which 
the communication party B owns. At this point, in the 
communication system 41 B, the decryption key 6 and 
the plain text 54 are input from the right side of the en- 
■io cryption/decryption device 42 and conversion sequen- 
tially proceeds from the first round R1. 
[0123] The encrypted cipher text 55 is transmitted to 
the communication system 41 A of the communication 
party A and the communication party A retrieves a plain 
J$ text 56 by decrypting the cipher text 55 by using the en- 
cryption key which the communication party A owns. In 
the decryption, the encryption key 5 and the cipher 55 
are Input from the right side of the encryption/ decryption 
device 42 in the communication system 41 A and con- 
20 version is conducted from the last round Rn in the order 
reverse to that in the encryption. 
[01 24] In such a manner, the communication party A 
uses only the encryption key 5 in either cryptographic 
data transmission and reception of the data. Likewise, 
25 the communication party B uses only the decryption key 
6. Accordingly, while the encryption key 5 and the de- 
cryption key 6 are different from each other, the commu- 
nication parties A and B are not necessary to have both 
but they are only required to manage one key 
30 [0125] As described above, since in the communica- 
tion 6ystem according to the embodiment of the present 
invention, encryption communication is conducted by 
the communication systems 41 A and 41 B equipped with 
the respective encryption/decryption devices 42 in any 
3S one of the first to the fourth embodiments, effects similar 
to in the first to fourth embodiments are achieved and 
in addition, the number of keys which each communica- 
tion party has to manage is not increased although the 
communication parties A and B have respective differ- 
40 ent keys, which enables Ihe communication system to 
be managed with ease. 

[0126] In the mean time, the operational procedures 
described in the embodiments can be distributed in the 
form of a recording medium such as a magnetic disk 
4$ (floppy disk, hard disk etc.), an optical disk (CD-ROM, 
DVD etc.) and a semiconductor memory In which the 
operational procedure is stored as programs (software 
mean) on which a computer run, or alternatively trans- 
mitted through a communication medium as the pro- 
50 grams. In the mean time, the programs stored on the 
recording medium side include a setting program which 
enables software mean which is run by a computer (the 
means includes not only an execution program, but a 
table and a data structure etc.) to be established in the 
ss computer architecture. A computer which realizes a 
communication system reads programs recorded in re- 
cording medium, forms software means according to the 
setting program and activates and runs the constituents 
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in the communication system through the software 
means so as to execute the above described process- 
ing. 

[0127] According to the present invention, as de- 
scribed above, involution functions are employed as key 
conversion functions for respective rounds of a key con- 
version section and besides, different keys are respec- 
tively used for encryption and decryption and according- 
ly, there can be provided a data processor, a communi- 
cation system and a recording medium in which not only 
can the scale of a secret key encryption device be small 
but security of the keys can also be increased and key 
management can also be effected with ease. 

Claims 



4. A data processor according to claim 3, 

characterized in that the second key is includ- 
ed in at least one of the encryption key and the de- 
cryption key. 

5. A data processor according to claim 4, 

characterized inMhat the second key has dif- 
ferent types of keys, at least one ol the encryption 
key and the decryption key includes the different 
types of keys and at least one of the encryption key 
and the decryption key is variable in length. 

6. A data processor according to claim 2, 

characterized in that the key conversion func- 
tions include round functions same as that of the 
data randomize section. 



1 . A data processor in which at least one of encryption 
of a plain text to a cipher text by using an encryption 
key and decryption of a cipher text to a plain text by 20 
using a decryption key is performed, comprising: 

a key converting section (2) in which a plurality 
of key conversion functions (fkl to Ikn) which are 
involution functions, and which conduct key 25 
conversions to output extended keys (k1 to kn) 
based on one of the encryption key and the de- 
cryption key and results of key conversion of 
one of the encryption key and the decryption 
key are sequentially connected, and results of 30 
the key conversion are In an order or in another 
order reverse to the order transferred between 
the key conversion functions; and 
a data randomize section (1) in which at least 
one processing of encryption of the plain text 3s 
to the cipher text and decryption of the cipher 
text to the plain text is performed by using the 
extended keys output from the key conversion 
section. 

AO 

2. A data processor according claim 1 , 

characterized in that the data randomize sec- 
tion includes a plurality of round functions which are 
involution functions and which perform at least one 
of encryption and decryption by using the extended 45 
keys, the plurality of round functions are sequential- 
ly connected, and results of the processing by the 
round functions are transferred in an order or in an- 
other order reverse to the order transferred be- 
tween the plurality of round functions. so 

3. A data processor according to claim 1 , 

characterized in that the key conversion func- 
tions not only take first keys and results of conver- 
sion of the first keys as objects to be processed in ss 
the key conversion, but also perform the key con- 
version by using a second key. 



7. A communication system characterized by compris- 
ing: 

one communication device which includes a 
data processor according to claim 1 and holds 
one key which serves as the encryption key and 
the decryption key; and 
another device which includes a data processor 
according to claim 1 and holds other key which 
serves as the encryption key and the decryption 
key, and which is a result of key conversion of 
the one key in the key conversion section of the 
another device. 

8. A computer readable medium on which a program 
is recorded, the program being for controlling a data 
processor in which at least one of encryption of a 
plain text to a cipher text by using an encryption key 
and decryption of a cipher text to a plain text is per- 
formed by using a decryption key, the program char- 
acterized by comprising: 

a key converting section (2) in which a plurality 
of key conversion functions (fkl to tkn), which 
are an involution function, and which conduct 
key conversions to output extended keys (k1 to 
kn) based on one of the encryption key and the 
decryption key and results of key conversion of 
one of the encryption key the decryption key are 
sequentially connected and results of the key 
conversion are in an order or in another order 
reverse to the order transferred between the 
key conversion functions; and 
a dala randomize section (1) in which at least 
one processing of encryption of the plain text 
to the cipher text and decryption of the cipher 
text to the plain text is performed by using the 
extended keys output from the key conversion 
section. 

9. A computer readable medium according toclaim 8, 
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characterized in that the data randomize sec- 
tion includes a plurality of round functions which are 
involution functions and which perform at least one 
of encryption and decryption by using the extended 
keys, the plurality of round functions are sequential- 5 
ly connected, and results of the processing by the 
round functions are transferred in an order or in an- 
other order reverse to the order transferred be- 
tween the plurality of round (unctions. 

70 

1 0. A computer readable medium according to claim 8, 

characterized in that the key conversion func- 
tions not only take first keys and results of conver- 
sion of the first keys as objects to be processed in 
the key conversion, but also perform the key con- is 
version by using a second key. 

11. A recording medium according to claim 10, 

characterized in that the second key is includ- 
ed in at least one of the encryption key and the de- so 
cryptton key. 

12. A recording medium according to claim 11, 

characterized in that the second key has dif- 
ferent types of keys, at least one of the encryption 
key and the decryption key includes the different 
types of keys and at least one of the encryption key 
and the decryption key is variable in length. 

13. A recording medium according to claim 9, 30 

characterized in that the key conversion func- 
tions include round functions same as that of the 
data randomize section, 

14. A data transformation apparatus characterized by 35 
comprising: 

a key transformation section for outputting a 
second key and a third key by using an involu- 
tion function based on inputted first key and for <o 
outputting the first key and a fourth key by using 
the involution function based on inputted sec- 
ond key, 

wherein the third key is used when first data is 
transformed to second data and the fourth key 45 
is used when the second data is transformed to 
the first data. 
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